The present study was conducted to examine the anti-oxidative activities of extracts from different parts of Ziziphus mucronata. Stem bark, root and leaf samples were sequentially extracted with solvents of increasing polarity and tested for in vitro anti-oxidative activity using various models. Our results indicated that all the extracts had potent electron donating and 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging activities. However, the ethanolic extracts exhibited a significantly (p<0.05) more potent DPPH radical scavenging activity than other extracts and possessed lower IC 50 values than ascorbic acid and trolox. The organic extracts of all the parts demonstrated hydroxyl radical scavenging activities but the ethyl acetate extracts of the stem bark and root as well as the ethanolic extract of the leaves displayed more powerful anti-OH* activity than trolox. All aqueous extracts were found to possess pro-oxidative activities in the hydroxyl radical scavenging method. Nitric oxide (NO) scavenging activities were observed in all the extracts tested except the aqueous extract of the roots that was found to be pro-oxidative at higher concentrations. Furthermore, dose dependent NO scavenging activities were observed in the ethanolic extract of the stem bark and ethyl acetate extracts of the root and leaves as well as the aqueous extract of the leaves. Data from this study suggest that the different parts of Z. mucronata, especially the ethanolic extracts possessed potent anti-oxidative activities that warrant further studies to identify the active key principles.
INTRODUCTION
The use of herbs and natural products in the treatment of various diseases is as old as human existence and continues to be an important component of health care delivery systems, especially in African countries. Africa has a rich diversity of plants and about 25% of the total *Corresponding author. E-mail: islamd@ukzn.ac.za, sislam1974@yahoo.com. Tel: +27 31 260 8717. Fax: +27 31 260 7942. numbers of higher plants in the world are found in Africa where more than 5400 medicinal plants were reported to have over 16,300 medicinal uses (van Wyk, 2008) . Recent pharmaceutical and biological research findings suggest plants as good sources of compounds that could provide chemical leads for the development of new generation drugs to treat various diseases (Koehn and Carter, 2005) , especially non-communicable chronic diseases such as diabetes.
Diabetes mellitus is one of the major global health problems whose prevalence is currently on the increase at an alarming rate (WHO, 2000) . Mainly two types of diabetes are identified such as type 1 or insulin dependent diabetes mellitus (IDDM) and type 2 or non insulin dependent diabetes mellitus (NIDDM). Among these types, type 2 is the most prevalent and > 95% of the total diabetic patients suffer from it. Type 2 diabetes (T2D) is a heterogeneous disorder characterized by a progressive decline in insulin action (insulin resistance), followed by the inability of pancreatic β-cells to compensate for insulin resistance (β-cell dysfunction) (DeFronzo, 1997) . A number of mechanisms are involved in the β-cell damage but oxidative stress is considered as one of the major contributors (Tiedge et al., 1997; Ceriello and Motz, 2004; Quilliot et al., 2005) .
Oxidative stress refers to the existence of products called free radicals (molecules possessing an unpaired electron) and reactive oxygen species (ROS), which are formed in normal physiological processes become deleterious when not being quenched by a cascade of antioxidant systems. This can result either from an overproduction of ROS or from the inactivation of the antioxidants (AO), thus shifting the ROS/AO balance in favor of stress (Droge, 2001; Fang et al., 2002) . In T2D, various free radicals, including ROS, hydroxyl and nitric oxide radicals (Cereillo et al., 1998; Gille et al., 2002; Cereillo, 2006) are responsible for the induction of oxidative stress induced pancreatic β-cell destruction (Kaneto et al., 2007) as well as the activation of all major pathways underlying the different components of vascular diabetic complications such as glycation and sorbitol pathways among others (Wiernsperger, 2003) . The foregoing therefore makes research on diabetes therapy and prevention to focus a lot of attention on the search for alternative agents with anti-oxidative properties that could be used to ameliorate the complications associated with T2D.
Ziziphus mucronata (Rhamnaceae), commonly known as buffalo thorn, is native to Northern Nigeria. The plant decoction is used traditionally in the treatment of diabetes mellitus (Etuk et al., 2010) among the rural populace of Northern Nigeria; however scientific report(s) on any pharmacological activity from this plant is scanty in literature. Hence, this study was designed to evaluate the anti-oxidative activities of various extracts of stem bark, root and leaves of Z. mucronata in vitro.
MATERIALS AND METHODS

Chemicals and reagents
Gallic acid, 1,1-diphenyl-2-picrylhydrazyl radical (DPPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox), 2 deoxy-D-ribose, ascorbic acid and potassium ferricyanide were obtained from Sigma-Aldrich through Capital Lab Supplies, New Germany, South Africa. 
Plant material
The stem bark, root and leaves samples of Z. mucronata were freshly collected in the month of January, 2011 from Zaria, Kaduna State, Nigeria. The plant was authenticated at the herbarium unit of the Biological Science Department, Ahmadu Bello University, Zaria, Nigeria and a voucher specimen number 154 was deposited accordingly. The stem bark, root and leaves were immediately washed and shade-dried for about two weeks to constant weights. The dried samples were pounded to fine powder using a kitchen blender, and then stored individually in air-tight containers for transport to the University of Kwazulu-Natal, Westville campus, South Africa for subsequent analysis.
Preparation of the plant extracts
Forty (40) grams of the fine powdered plant parts were separately defatted with hexane. The defatted materials were sequentially extracted with ethyl acetate, ethanol and water by soaking for 48 h in 200 ml of the relevant solvent followed by a 2 h orbital shaking at 200 rpm.
After filtration through Whatmann filter paper (No. 1), respective solvents were evaporated in vacuum using a rotary evaporator (Buchi Rotavapor II, Buchi, Germany) at 40°C under reduced pressure to obtain the solvent extracts. Aqueous extracts were however dried on a water bath at 50°C. The extracts in each case were weighed, transferred to micro tubes and stored in a refrigerator at 4°C until needed.
Estimation of total phenolic content
The total phenolic content of each extract was determined (as gallic acid equivalent) according to the method cited by Mcdonald et al. (2001) with slight modifications. Briefly, 200 µl of the extract (240 µg/ml) was incubated with 1 ml of 10 times diluted Folin ciocalteau reagent and 800 µl of 0.7 M Na2CO3 for 30 min at room temperature. Then the absorbance values were determined at 765 nm on a Shimadzu UV mini 1240 spectrophotometer (Shimadzu Corporation, Kyoto, Japan). All measurements were done in triplicate.
Ferric cyanide (Fe 3+ ) reducing antioxidant power assay
The ferric reducing antioxidant power method of Oyaizu (1986) with slight modifications was used to measure the reducing capacity of the extracts. To perform this assay, 1 ml of each extract (15 to 240 µg/ml) was incubated with 1 ml of 0.2 M sodium phosphate buffer (pH 6.6) and 1% potassium ferricyanide at 50°C for 30 min. After 30 min incubation, the reaction mixtures were acidified with 1 ml of 10% trichloroacetic acid. Thereafter, 1 ml of the acidified sample of this solution was mixed with 1 ml of distilled water and 200 µl of FeCl3 (0.1%) and the absorbance was measured at 700 nm in a spectrophotometer. Increased absorbance of the reaction mixture indicates greater reduction capability of the extracts (Gulcin et al., 2004) . 
Free radical scavenging activity
The total free radical scavenging capacity of the tested extracts was determined and compared to that of ascorbic and gallic acids as well as trolox by using a slightly modified method described by Tuba and Gulcin (2008) .
A 0.3 mM solution of DPPH was prepared in methanol and 500 µl of this solution was added to 1 ml of the extracts at different concentrations (15 to 240 µg/ml). These solutions were mixed and incubated in the dark for 30 min at room temperature. The absorbance was measured at 517 nm against blank samples lacking scavenger.
Nonsite-specific hydroxyl radical mediated 2-deoxy-D-ribose degradation assay
Hydroxyl radical scavenging activity was measured by studying the competition between deoxyribose and the extracts for hydroxyl radical generated by ascorbate-EDTA-H2O2 system (Fenton reaction) as described by Hinnerburg et al. (2006) . The assay was performed by adding 200 µl of premixed 100 µM FeCl3 and 100 µM EDTA (1:1 v/v) solution, 100 µl of 10 mM H2O2, 360 µl of 10 mM 2-deoxy-D-ribose, 1 ml of different extract concentrations (15 to 240 µg/ml), 400 µl of 50 mM sodium phosphate buffer (pH 7.4) and 100 µl of 1 mM ascorbic acid in sequence. The mixture was incubated at 50°C for 2 h.
Thereafter, 1 ml of 2.8% TCA and 1 ml of 1.0% thiobarbituric acid (in 0.025 M NaOH) were added to each tube. The samples were further incubated in a water bath at 50°C for 30 min to develop the pink chromogen.
The extent of oxidation was estimated from the absorbance of the solution at 532 nm and the hydroxyl radical scavenging activity of the extract is reported as percentage inhibition of deoxyribose degradation.
Nitric oxide (NO) radical scavenging assay
Sodium nitroprusside in aqueous solution at physiological pH spontaneously generates nitric oxide (NO), which interacts with oxygen to produce nitrite ions that can be estimated by use of Griess reagent. Scavengers of NO compete with oxygen, leading to reduced production of NO (Kurian et al., 2010) . The assay was carried out by incubating 500 µl of 10 mM sodium nitroprusside in phosphate buffer (pH 7.4) and 500 µl of different extract concentrations (15 to 240 µg/ml) at 37°C for 2 h. The reaction mixture was then mixed with 500 µl of Griess reagent. The absorbance of the chromophore formed during the diazotization of nitrite with sulphanilamide and subsequent coupling with napthylethylenediamine was read at 546 nm. Percentage inhibition of nitric oxide generated was measured by comparing with the absorbance value of a control (10 mM sodium nitroprusside in phosphate buffer).
All assays were carried out in triplicate. The scavenging activities of the plant extracts in case of DPPH, hydroxyl and nitric oxide radicals were calculated by using the following formula:
where As is the absorbance in the presence of the sample and Ac is the absorbance of the control.
Statistical analysis
All data are presented as the mean ± SD of triplicates determination. Data were analyzed by using a statistical software package (SPSS for Windows, version 18, IBM Corporation, NY, USA) using Tukey's-HSD multiple range post-hoc test. Values were considered significantly different at p<0.05.
RESULTS
The percentage yield of the various extracts collected from the plant indicated that higher yields are obtained from the leaf extracts compared to roots and stem bark (Table 1) . Furthermore, the ethanolic extracts of the stem bark and root contained significantly (p<0.05) higher amount of total polyphenols than other extracts from these parts of the plant whereas ethyl acetate extract of the leaves contained significantly (p<0.05) higher amount of the total polyphenols than other extracts in this part (Table 1) .
The total reducing power (in terms of percentage gallic acid equivalent) of the various extracts of Z. mucronata was compared to ascorbic acid and trolox and presented in Figure 1 . According to the results, the total reducing power of all extracts was found to increase steadily with increasing concentrations of the samples (Figure 1) 
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The DPPH radical scavenging activities of Z mucronata stem bark, root and leaf extracts are presented in Figure  2 . The stem bark and root ethanolic extracts demonstrated powerful free radical scavenging activity (100% radical scavenging activity at 120 to 240 µg/ml) which were statistically similar with all the standard antioxidants used and significantly (p<0.05) higher than other extracts from the other plant parts. The IC 50 values of 1.99, 1.38 and 1.68 µg/ml were obtained for stem bark, root and leaf ethanolic extracts, respectively whereas 2.56, 1.27 and 5.04 µg/ml were found for ascorbic acid, gallic acid and trolox respectively ( Table 4) .
The results of the hydroxyl radical scavenging effects of extracts from Z. mucronata (Table 2) indicate that the ethyl acetate extracts derived from stem bark (IC 50 1.07 µg/ml) and root (IC 50 1.36 µg/ml) samples exhibited concentration dependent anti-OH activities which were also significantly (p<0.05) higher than the activities observed with the corresponding ethanolic extracts and trolox (IC 50 2.61 µg/ml) at all concentrations tested. Stem bark ethanolic extract demonstrated an anti-OH activity that inversely correlates with the concentration used while a non dose dependent activity was observed with leaf ethanolic extract (Table 2) . However, the aqueous extracts from all the plant's parts showed pro-oxidative rather than anti-oxidative activities at least in this model. Table 3 shows the NO radical scavenging activities of the various extracts of Z. mucronata. A non dose dependent NO inhibition effects with root and leaf ethyl acetate extracts as well as stem bark ethanolic extract were observed while root aqueous extract was found to be pro-oxidative in this model. On the other hand, dose dependent NO inhibition activities were observed for ethyl acetate and ethanolic extracts of stem bark section of this plant which were significantly higher (p<0.05) than the results of gallic acid standard.
DISCUSSION
Z. mucronata has been reported to be used in the traditional management of diabetes mellitus, a disease whose pathogenesis has, in part, been linked to the development of oxidative stress in affected humans. As per our knowledge, the antioxidant activities of all the parts of the plants within the Ziziphus genus have not been reported until now. This study investigated the antioxidative activities of various extracts from different parts of Z. mucronata as a prelude to find agent(s) that could be used to ameliorate T2D-associated abnormalities. We found in this study that some of the Z. mucronata extracts possess exceptionally very high anti-oxidative activities, at least with experimental models used in this study.
Different models for in vitro anti-oxidative studies were used because a single method cannot give a comprehensive prediction of the anti-oxidative capabilities of the different extracts tested. It was suggested that the electron donating capacity, reflecting the reducing power of bioactive compounds, is associated with antioxidant activity (Arabshahi-Delouee and Urooj, 2007; Tuba and Gulcin, 2008) . Antioxidants can be reductants, and inactivation of oxidants by reductants can be described as redox reactions in which one reaction species is reduced at the expense of the oxidation of the other. The presence of reductants, such as antioxidant substances in the samples, causes the reduction of the Fe 3+ /ferricyanide complex to the ferrous (Fe 2+ ) form which can be monitored by measuring the formation of Perl's prussian blue at 700 nm (Chung et al., 2002) . The reducing power of the extracts increased with increasing concentration which suggests that the electron donating ability of the extracts is concentration dependent. The higher reducing power of the ethanolic extracts from different parts of this plant at almost all concentrations used suggest that the ethanol extractable phytochemical constituents of this plant has strong redox potentials that could act as reducing agents, hydrogen donors and singlet oxygen quenchers (Kahkonen et al., 1999) .
The model of scavenging the stable DPPH radical is a widely used method to evaluate the antioxidant activity of extracts or pure compounds. DPPH is a stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule (Soares et al., 1997) . Hence, DPPH is usually used as a substrate to evaluate the free radical scavenging activity of antioxidative agents in vitro (Gulcin et al., 2004) . Using this model, the ethanolic extracts of all the parts of Z. mucronata also demonstrated remarkable anti-radical activities with IC 50 values lower than those of ascorbic acid and trolox. Although, a number of reports on the DPPH radical scavenging activity of extracts from plants belonging to different families and from parts of the world exist in literature but only a few authors (Wu et al., 2010) reported such a low IC 50 value as observed with the ethanolic extracts of this plant. This further suggests that these extracts contain powerful free radical scavenging phytochemicals that could have the ability to inhibit free radical upsurge as well as oxidative stress which consequently might ameliorate T2D-associated complications and indeed other oxidative stress associated metabolic disorders.
Hydroxyl radical is an extremely reactive free radical form in biological system and has been implicated as a highly damaging species in free radical pathology, capable of damaging almost every molecule found in living systems (Kalaivani and Mathew, 2010) . The hydroxyl radical scavenging activity is thus measured as the percentage of inhibition of these radicals generated in the Fenton's reaction mixture (Fe 
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Concentration (µg/ml) Concentration (µg/ml) studying the competition between deoxyribose and the plant extracts (Hinnerburg et al., 2006) . In this study, all the organic extracts from Z. mucronata contain phytochemicals with hydroxyl radical inhibition activity. However, the stem bark and root ethyl acetate extracts were found to be more effective in hydroxyl radical inhibition than the corresponding ethanolic extracts whereas leaves ethanolic extract was more effective in hydroxyl radical inhibition than the ethyl acetate extract. The reciprocal hydroxyl radical inhibition pattern found in the ethanolic extracts of the stem bark and root samples as well as in the ethyl acetate extract of the leaves could be due to hormesis phenomenon exhibited by these extracts. Hormesis is a dose-response relationship for a single endpoint that is characterized by reversal of response between low and high doses of chemicals, biological molecules, physical stressors, or any other initiators of a response (Calabrese and Baldwin, 2001) and its occurrence has been documented in numerous biological, toxicological and pharmacological investigations (Kendig et al., 2010) . The phenomenon could also account for the non dose dependent response of the ethanolic extract of the leaves of this plant. Thus, these Z. mucronata extracts possess optimal points for effective inhibition of hydroxyl radical. On the other hand, the pro-oxidative tendencies of the aqueous extracts in the hydroxyl radical based anti-oxidative model further indicate the need to use a multi method approach before a definite statement can be made on the anti-oxidative effects of a plant extract.
Nitric oxide is a very unstable species that has been implicated in the pathology of cancer, type 2 diabetes and several other diseases (Ceriello et al., 1998; Ceriello, 2006; Fukumura et al., 2006) . Ethyl acetate extracts of the stem bark and leaves of this plant displayed greater inhibitions against NO radicals than the corresponding ethanolic extracts. This could indicate that the antioxidative principles extracted by the two solvents act via different antioxidant mechanisms. Further, the hormetic responses shown by some extracts towards scavenging NO indicate that the anti-NO principles have some optimal points of effective inhibitions and/or antagonism occur with other phytochemicals at certain concentrations. Considering all the anti-oxidative models used in this study, it is possible to surmise that the quantitative difference in the anti-oxidative activities among the plant parts could be attributed to the variation(s) in the concentrations and compositions of the anti-oxidative principles in the different parts since distinct function(s) is performed by the parts and hence tend to produce slightly different chemical constituents.
We therefore concluded that various parts of Z. mucronata possessed anti-oxidative activities that could account for the forkloric use of the plant in the treatment of diabetes mellitus. Our results also suggest that the ethanolic extracts from different parts of the plant contain ND, Not determined; P, extract showed pro-oxidative properties in the experimental model. the most active anti-oxidative principles. Bioassay guided fractionation and evaluating the anti-T2D effects of the most active anti-oxidative fraction from the ethanolic extracts will be the subject of our future investigations.
